The effects of germacranolides isolated from Calea urticifolia on adipocytic differentiation of 3T3-L1 cells were examined. These germacranolides inhibited adipogenesis at a concentration of 1.25-5 M. But no inhibitory activity against cell proliferation and no nonspecific binding activity to protein were observed. These results indicate that these germacranolides are the specific inhibitors of preadipocyte differentiation.
Calea urticifolia (Miller) DC. (Compositae) is used as a folk medicine, a tropical bacteriocide and treatment for gastric ulcers, in El Salvador, where it is known as ''juanislama''. Germacranolides, [1] [2] [3] [4] heiangolides, isoeugenol derivatives and phlorogluciol derivatives 1) have been isolated from this medicinal plant. Germacranolides have been reported to have several activities such as apoptosis-inducement, 5, 6) cytotoxicity, 4, [6] [7] [8] [9] [10] antifungal activity, [11] [12] [13] and inhibitory activity against nuclear factor kappaB. [14] [15] [16] 3T3-L1 cells are known to differentiate into adipocytes under the appropriate conditions, 17) and have been useful as a model for adipose cells, which are one of the major sites of lipid and glucose metabolism. 18) Therefore, inhibition of the differentiation of 3T3-L1 cells to adipocytes is beneficial for the prevention of obesity complicated by atherosclerosis. Lovastatin (an inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A 19) ), wortmannin (an inhibitor of phosphatidylinositol 3-kinase), ritonavir and nelfinavir (inhibitors of human immunodeficiency virus protease 20) ), 6-ethoxyzolamide (an inhibitor of a carbonic anhydrase 21) ), and prostaglandin F2 and fluprostenol (agonists of prostanoid FP2 receptor [FP receptor] 22) ) have been reported to be inhibitors of adipocyte differentiation.
The aim of the present study was to evaluate new bioactivity of germacranolides. We found that the geramacranolides (1-7) from C. urticifolia ( Fig. 1 ) inhibited preadipocyte differentiation in 3T3-L1 cells, but did not identify the inhibitory activity of cell proliferation and the nonspecific binding activity to bovine serum albumin. These results indicated the possibility that germacranolides are an anti-obesity remedy.
3T3-L1 fibroblasts, purchased from Health Science Research Resources Bank (Osaka, Japan), were grown in Dulbecco's modified Eagle's medium with 10% calf serum. 3T3-L1 fibroblasts (4:2 Â 10 4 cells) were seeded onto each well of a 24-well plate. After 2 d, the cells were treated with 0.5 mM isobutylmethylxanthine, 1 mM dexamethazone, and 1.7 mM insulin for 24 h. Then the medium was changed to fresh medium containing 1.7 mM insulin, and was changed every 72 h three times. Germacranolides dissolved in dimethylsulfoxide were added the every time at the indicated concentrations. The concentration of dimethylsulfoxide in the culture medium was less than 0.1%, and it was confirmed that dimethylsulfoxide at this concentration had no effect on preadipocyte differentiation. Lipid accumulation was examined with Oil-Red O staining. Briefly, culture wells y To whom correspondence should be addressed. Tel: +81-86-256-9452; Fax: +81-86-256-9757; E-mail: nobuyasu@dls.ous.ac.jp Abbreviations: BSA, bovine serum albumin; EDTA, ethylenediaminetetraacetic acid; HPLC, high performanced liquid chromatography; NADH, reduced nicotinamide adenine dinucleotide; PBS, phosphate buffered saline were fixed with 10% formaldehyde and stained with a saturated solution of Oil-Red O in 60% isopropanol solution. After removal of the staining solution, the cultures were observed under a microscope. All the germacranolides from C. urticifolia almost inhibited lipid accumulation at a concentration of 1.25-5 mM. But parthenolide in the same skeleton did not inhibit lipid accumulation at concentrations above 40 mM ( Table 1 ). The cytotoxic activity of eight germacranolides containing parthenolide was assessed against 3T3-L1 cells by the MTT method. 23) The viability results at a concentration of 50% are shown in Table 1 . Compound 3 revealed the lowest cytotoxic activity. Next the glycerol 3-phosphate dehydrogenase (GPDH) activity 24) and rate of lipogenesis 25) for compound 3 were measured to evaluate biochemically the extent of differentiation. GPDH activity was determined spectrophotometrically in the sonicated cell extracts. A reaction buffer containing 100 mM triethanolamine (pH 7.5), 2.5 mM EDTA, 0.1 mM 2-mercaptoethnol and 0.12 mM NADH was added to 0.2 mM dihydroxyacetone phosphate to start the reaction. The change in absorbance at 340 nm was followed at 25 C. The results were expressed as units per mg protein, where 1 mU was the activity necessary for oxidation of 1 nmol NADH/min. For measurement of lipogenesis, adipose-induced cells were incubated with 0.5 ml of culture medium containing 1.85 kBq of [1- 14 C]-acetate for 6 h. The cells were washed twice with PBS and dried briefly at room temperature. Lipid was extracted twice with 250 ml of isopropanol. The radioactivity of the isopropanol layer was counted with a microplate scintillation counter following addition of scintillator. Compound 3 inhibited both the GPDH and acetic acid uptake activity in concentration-dependent manners, and inhibitory activities of about 50 and 100% were at 5 and 10 mM concentration respectively (Fig. 2) .
To evaluate the effect against basal metabolic activity, the inhibitory activity against cell proliferation by compound 3 was examined. 3T3-L1 cells (1:5 Â 10 4 ) were seeded on a 30 mm dish, and compound 3, parthenolide and cycloheximide, proteosynthsis inhibitor 26) were added after 2 d. Every day, the cell number was counted by harvesting cells, with trypsin for 5 d. Cycloheximide clearly revealed as inhibitory activity against cell proliferation (Fig. 3) . But compound 3 was not affected against cell proliferation activity at a concentration of 5 mM, indicating inhibitory activity to preadipocyte differentiation.
The thiol group of cystein on proteins undergoes the Michael addition to the -methylene--lactone ring and the 2-methylacroyl group. 27) This nonspecific adduct to the protein causes cytotoxicity. The binding activity of compound 3 to cystein or protein was examined. for 24 h at 37 C. The ultrafiltrate of the reaction mixture was analyzed by HPLC (column, Mightysil RP-18GP 250 Â 4:6 mm; detection, UV 210 nm; temperature, 40 C; flow rate, 1 ml/min.; solvent, 50% CH 3 CN for compound 3, 55% CH 3 CN for parthenolide) and the concentration of the unbinding compound was determined (Fig. 4) . Compound 3 and parthenolide bound to cystein at 63 and 95% respectively. But compound 3 indicated lower binding activities to BSA (0%) and the culture medium (12%) than parthenolide (25 and 69%). The nonspecific binding activity to the protein of compound 3 appeared to be low. Furthermore, compound 3 did not affect the differentiation of other differentiation inducible cells (PC12, 28) U937, 29) and K562, 30) cells differentiated to neurons, macrophages and erythoids respectively) (data not shown). It was assumed due to by these results that compound 3 did not affect the basal metabolic activity, and that it acted on specific adipocyte differentiation inducing factor. Now we are investigating the factor acting with compound 3. C. The ratios of unbinding compound 3 and parthenolide were determined by HPLC analysis.
